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LINER EXPAHDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being sli C htly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first- stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first- stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep In the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in raaMng repairs. 

An object of the present invention is a device fox applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
20 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 
^° Figures LA, IB and 1C, taken together, constitute a partial cec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surfece through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. Ike surface of the member 2*f, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
Inside surfaces of the arms 22 and the outside surface of expanding member 2** 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member Zk which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 24 moves ic a 
downwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the ohaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17- When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner 14 and "iron out" 
the corrugations in the liner, ao that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant. force. The force exerted against the arm members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant ao that either sticking 
of the tool in the casing or rupture of the casing ia precluded. Of course, 
the force provided by the spring member is preselected ao that the frlctional 
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forces between the tool aad the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
l8 and held between the expanding element 2k and a cylindrical lover shoulder 
member 38 forming a portion of a differential sorev element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 3d provided with female threads 38a and thimble 
member Ul provided with threads 4 la and 4 lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acne threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines 45 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bov springs 42, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads Ida is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
Inside diameter. 

- 5 - 



736288 



Constant force spring element 37 comprises column element 1*3, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member kk is in contact vith the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 2^. Lover 
bearing plate member k6 contacts the lover ends of the columns and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screv element 39. Grooves hf are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
10 which the ends of the columns are inserted. These grooves may^be shaped to 
conform vith the s.iape of the column ends if desired. A cover kQ may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 1*9 and U9a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 

20 slide longitudinally thereon. The ends of the stops may mo<e tovard, or away 
from, each other as the load on the spring member varies. Lover sleeve l*9a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
However, the spacing betveen the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 1*3. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pine or 
rings mounted on the shaft may serve as stops, or the cover kQ provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/ or lateral deflection of columns. 

30 The columns of the column element k3 may be arranged around the 

shaft 18, vhich as shovn here forms a portion of the body of the spring 
device, vith ends of the columns fitted in the races Vf. The columns may be 



- 6 - 



736288 



fitted closely together as shown, cr may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column endi may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to move within 
the races shaped to the curvatu; e of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper baae alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thus ; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft Id. 

For example, a group of columns 0.l67-inch thick by 0. 433-inch wide 
oy 10.626-inches long, with the ends rounded, were fabricated from A. I. S.I 
^0 steel, quenched and drawn at 575 °F. Each column was found to require a 
20 critical compression loading of 450 pounds in order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P Q is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA 'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just belov the 
30 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion, in the above-mentioned tests, the lateral deflection was limited to 
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approximately one Inch, et which the longitudinal deflection was approximately 
0.225 inches. Prom zero deflection to the maximum deflection, the 450-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 Inches by appropriately posi- 
tioning the stops. Upon compression^ loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.04 inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds . 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level In the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 42 engages with the 
wall of the casing and prevents thimble 41 from revolving. With several 
revolutions of the tubing, lover shoulder 58 Is mowd upvardly by differential 
screw 59 to buckle spring element 57 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 24, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the 'arms outwardly with a substantially 
constant forca proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool Is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 The foregoing description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 



736288 

the artisan trm the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

X. A device for expanding a metallic liner Inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner-forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner -forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pivotable outwardly therefrom to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substanti ally 
constant force. 

3. The device of Claim 2 wherein said constant force spring member 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limi t the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for maintaining a lateral deflection in said columns. 
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4. The device of Claim 3 vherein said compression means comprises 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 vherein said stop means comprises a 
sleeve-like element connected to said movable bearing plate member and 

3 slidably positioned on said shaft and a member connected to said shaft to 
^ limit the travel of said sleeve -like element. 

1 6. The device of Claim 3 wherein said columns have a rec tang ular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said chaft. 

1 7» A device for installing an expanded metallic liner in a conduit 

2 which comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die member comprising a plurality of arm members disposed 

4 circumferentially around the outside of said shaft and being pivotable out- 

5 vardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferentially about 

9 said shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said arm members to urge said arm members 

18 outwardly with a substantially constant force. 
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t X«m Aw too MCOt*~«t»«. (Mo, tol* njpMdinc 1* • 

fucUaa 0 t a* itnastt, or «il toinfcMM, ol cm cental* U u» 
lmr u b»/n« lmUlUO. for taaoU, In Ilium aU noil cwli*, 

CO .1 1 BMUK n*f MUM • 1*1? *3*\ trU*tl<n*l fmt» «O<0A rw*l*C iA trrmmtrt^m 

^mm telm i*«ili*« to *m>> Um «boAr tott»*\ tto llmr. The 

dc« or tto f»*k fere** Mq*ti*A o*r tooult i» np«w * °"* B < 
i Mum ton lmmlliM, tool, x* tuUMM tomo <*» in to mnl 

owtat* U oiwirtM U« Am tort *»*ioinoteft, Un maiu 
mm m* tool to iwm otaok to too oM ina or oU*i*l«a 
i to too tMJiw «al tho tool, ik d» «* *» «a*x* 
rtgq KnviMaiSAt Lb «^0<v«4 i» •cmotdoi vl(A tlM Moond^ 
KUM 4U, t*X10i» 41ffionl%i#« •» MocuBtoM* In ob**iiu*f ■ •rlUK 
m^Im, ferine **» AMlMd rtr*nctk in w n hlm t rf o n Vi.tH ts» oibex n^^e 
y> ih«**. «al «th tte tool «i*aHt« ton IW14* *all ol tt» 

oDufcdl iftn ¥>U| pUMt I 



'A 



inn 
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Use* toot* oT the tjpt MoUcnrt ofo.* tftpteria iu wtUiv 

Imo la tte (rort, ti i» M*ly pr%f««ble tto* & tool te •»*» vaOmw no 

drtMitncM -rill teoom ttntk la tte wll 9' utou* lifi to *bo Mil. Any 
wn' tnrttU ocourrU* la a «U m t»o*u im coa*i*«r»M*> L» Umo ■* 



A» o*>ot or tte imni UmmMm lo c lonoo xw ■ «»- 

xtat» te - Ala or otter Halter ow-«t- miMif*- 

«i*«ta* .ute- f<ra 1* t-**w • teotter tejoofc ia 

Idw^ ajwtlAc tool for taatelltef mWUUi urn la « ok***, Aloa 
jo a^aaaiaj tool im ftr 1 r oo jwig ttea ■ ■■ ■■■uiaiao*. iteo* to **» liaar 
tefcat lwtalte* in tba ■CEim MUX Mrtkr oojort *f tte tovoottoa !■ ft* 
oooaoolool nt ootlLy foteloatei tatftatt faro* wl"* * ranter 

oW>tr% !• • n*ate« ftatf^teoparftte o**aUaff tool «n>WU| ft «prtnc 
&rrlo»< ftcn oaa otter oX]Mto of taa isnaUoo will teooao ^faaaat V 
rtfiraict to tte foUDMlAt «*»arl»tl«» »r tte ImvmAAxxu 

2a, tomVin vitft tte yr.»»t t*»«»tua> tWn U provldad • qod~ 
roro* «prlM 4»rio» «*i*t» nprlN* » tod, aaater, « tio^A 
•l_ot tdjtoftot MU.tpV aaater, teorla* flat* »-t«r» oootootUg tte to 

•DOM Of MhlA COIW Ofc tOftOt «■ Of Mid tetXlAO OCrftOT* tea**, 

0> ttfiMUT aof*\U *» rMtpoot of tte otter «a ttopaaanf o> »u* be 



fti^l a f aolaoa alooaat «poft tte owUwtfoa of » ' 
ttvata. I» at aftatlaaat of ttwUoi. tte fonaotea < 
vln atete* U aKalajot li a tool for a ajaatlaa ft m^nic llaar laolte 
ft aoftfiUt, omit oauteot teroa aadas «W« 



At to o tutetaatlallr cow loot ton* . 
to lottoftiOB «U te tetter — 



k V rotoroftftt to tte follow* 



30 Tlfoio U ood III, tato 

tioo^l vioo of * yiftnrt oo trtll— n t off • Umt 



OOOi KraorAteft to 
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T^ur* 2lii »«tiM»l >U« «r ti» *ps*n\*B of FI«iM 1A t»i»o at 

rigor* Ms» t^pi«a vlok or i*>ii>4 lat wm« r*ruetu» iw 
U» coa»WH '«»<«* •yoOto d«nri»© c* tk- UMBtlax. 

SsfHriw to Ito drarl&t*, ripm li U ito tattcm portto" <n » 
ttoftx tirifffint tool for om ia lsrcalllJMj • ^viuo ustz in • well, 
BTg»r» 1ft U2Mrtftoe» ttr -lft*X« wetlo* of rah » VXjA ua flgm* 20 tc«*v 
MtU U» Nhi» or tto tool. 7*- n>~*UU tMUil ***** u> 

rtlMMA V%U HMl( U % m»l>H U <M*, Vl*-*^, ■*/ to Loot* trtm tM 
mmm \ki*& ft («* Hm.) W> ft jodmt 1* tto c~W «t «tneh It 

i« otml to iartoH • Mtolllo Ifif 9mtt0* toaaflifif «w teal into tto 
wll, n ftloft^tod ftftrtumllj «m«kM IImt 1* ftortoitol fit* ftLia rt ** J -» 
w titer mv^ftl* MmftftM MtarUl, 1a jOmM oa tU tool. 9* «om^t«A 
iiMf i, QtoaMl to jodtia to «»iMt it it* ^ Md with • cjllnlrloal 
^it, —^Ii„ 16 Md # «t It. iMwr tod to ««Urt «lth a flr»t~tU#D wp«M- 
<«l at, it u tto f«n of • ii — i d dnuki oo** hctm ft* * flr«v- 

rta*> tj f^'-X ilkUtho mmt fccruncftor dcvortWI .«p*adt*« dl« U 

ftxftdly to • -ntwlli louiM, ftH»*ftto<l «rl3»4rteil b&UM ito** 1* 

*tcfc fomrf a parti od of tto V*^ of tto tml. to Htm, u» «pMdiac dW it 
U 1*14 In plftflft Wna-i lamr ttxxtmr 1$ tad oolltf n Utrwdad onto kM 
Odi, . A »W»liVj or «*■* W» f*ft*wbly provi-UA ootowdly 

«iUT#>* forHoM 83 mat tto top; «to ftUgoafta la tto torn o( » nfUtoar 

tVUdtod %• tM atwft so u to to ■cmfthLf ostoBidi/ irto tto ttoft to * wp*r*d 
a^^l^ u r - 2ft Ui**M7 po»4Vio— a » tto ttoTt to ■ •^* ortd '* t *«* 

«^Mto7. »» •arl«« of tto stototf A, •* fttora, wwi •ymaLy tto 
AftM to mch* xttH to« *nu cad «ot» ttos ouxvcrA^. M^^^ij, «■ 
i BtvflOftJ of tto ft** 82 ftaS %to OHtoLto ttsfftM of wtjpwAU* fttotor et 
, mum msUcsi, VsaoftHf ociHP-i ift ttop*. «p«»le« »r tto it* 
k U oostnLtoi v tto r«td tloo of tto mmY*r » itlch aom m«o4U 



Jt^fi! 








IHS 




.-.-..y.V^V : 
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ooUi It untuu «bPOU*r 86 jsxvrfcWd on Vk> *• »o»»or * wm- l» a 

doonHlj dJivoUo* *rw tot fall l*»*r*lir tovor* u» *t»<n~ ftm cwMW 
um 22 «ro b»L4 la as tb» ih^fl by c«U»i T ^ areolar crcow afl 

pwiriAri en too abaft. 

ft. tqwUr, t«u, «M«eri»iAe to* a***-**** dte «4 «o hMA* 
•to** At* 1. 4>wro tot lloor to wry* t% la pioo* 1» U» oaau*> T*+ 

tu*t-*U+ 4lo j»WjU» * *ro*» 4«f«Mktion p* to. u»*r *o tort it u 
ayoM aatoartly «#Utt to» oall of too *-^»€- aooaad-»to«» «lo 
r toroot* toi lmr mmt yrtvtm* riokl **■ ""M 

iht wu or 1M cuaac ■»* «fftet » re^u-iaoM. 

2A c*arotio», fate Umr •*\tXx+ tool it at too nf«ee, w 

dworUbea nd o |Lm oloto aoturotol alto • nflWl oaional o*jr *c 

wmoprt o«i>A tM COSTttOjtoa UTC* to form U» liner. OO aaaaobly U JovcTOft 
toto to. mil «K to» location rt rtOoA to. llna* *■ to oa Mt. 1 liquid, aocfc 
n^Uth. oaooai ooior mum 4c« to* v.11 tablac -d Hovf ton** 
to* wMvwr *» pnwiapt n ooliaboa xol 51, torou* oorta >e aod into ayixo- 
Ur » oom*>T«l to toa uopar «oa ot too abouMcr J*. i*cn toa apylloatloa or 
fin* pre*™** to to* ojltotor, to* pi ►to. * aooa*ad to voLUhmA ltd 51 
» »»«ri* to vi»-a« J>. ju «^ »o4 56 oo^u i-iirtrt nrf ****** 
U mi b i* mmw too nnt-iun nnn un g if 17. «« «- p*»« A 
mo opooralt tmootf) too *yli»4ac 55 «*> W"'f dlo 17** «» «*ooi- 
•to* dlo B mro *j~<* opoar41o IMo «• —rofotrf U**r Ife oo4 1n» o*« 



1 . 



UdUfiliortteMiiii^^uii telot lMtailod. MikM eo tJ» 

•Mft b*lor » oqaaSbC aWWr * lo * eonrUoV Caroo sisloc xaaovr 37 «W* 
lo omlor^ to «p tko •xp*ndl*« xoatar ocmlaot «• ojjteUa* « M rt^ • 
•tftetootlolU ■oMtttl forco. tJ» rwc .«rud 4^u-n to. ix* -nfc*r» Wi** 
•KtMUotloUy w*»taa%, ttoo foroo yonooiUod Uirm^ <*• «• o»»b»r» V> «* 
>0 U*x -4 to lo. ouUt Till W vMurtioiay ieBotaDt M U»t olthw tUoW*« 
ot ibo tool la to» oaalai or TOtur* mt too owda* la ^aclaflod. Of oaoroa, 
tba roroo |»dM Of to* osrinc nMC ti oro^locto* oo toafc tba frtotU-al 



: 4 
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lorott brcwMB tho tool i«i too Iim and too joowo oaortod <f»mt too au- 
t&t *i» — 4~*-t~* *i oNaotondaod ftftfe fto Hntnt fotfft* oyri»« 

— w ftmnr*. tM to. «o»toot **»ovo totow- V* U»r loaoj* torttoo SO 
rfteM.DU pwi «H|h VI frondo u» ftert** «f to- ft*-- 

laf> «M1< f womtlao, Atao* to U* — tof • V) %»# tool. 

fee «ut«t fane «prJna —tor 37 !■ oototo* <■ too i-rt 

18 tot toVl totoon too oxpontftfts tUNit » or* ft c»Xi-Ulo»l 1— r < 

----- x remUc • paru« »r »iutewttol ocw «x~t 59 * 

, — b. n to i»**t — NT is. 9 

•#• tteftwter lA MtMooMliK«UkiN«^*»U toxoodo 
BUir oooftwr 90 fiortM vlto fomto tiorW* 58- ooft totoMo 



L0 



MAcr U prorUW rtto tMf lift ooi ftlb o» to. «rtoto* oad. toft J 
repctto^r, to ~rr «tto tfcrWj on to* ttoft «td too .toftUor. B» two 
M to Of Btt—ti «re am, nc& «J if^ii axdlilid *r»«*». «r Acmo ttaw4* ( 
to vitootoot W7 fti»* to»d* mA «ff»r u jitch «o to»* oowiMor » to *D»«ft 
^idr Um staff IB «bu to* pbnCi lft *»*ol*»S nliU« to tolool* *1. 
fte obooUor 99 to — W to to* itef b lfi V If HUM *5 W QMt It «C ill** 
UBCltnUnalij. It to ft* noo to xototo to «b«f*. Ti^diy attootod 
to too low ml *f tto felaola U » mctloo oe*W, mdb *» W*> ijrtooo **, 
iO » »jo* oa tlooUy ootoatod fxletloa id*. ** «to»r o«e* oovlot ftw fri«t)oflftU7 
«-#**LDf with tot U»U« mil of to* oacdolt to occon too tfelabto ft»fttoot 
tatoUto vlto mm to too wtmn. r**t*x*U, too ol*o«ttom of toft doUir 
j»mWr torooAt 36o to too mm* to thot of to* «toft tteoolo A, O.f. ri*ift- 

n, <><lr Mi too yitoo* or lood, of tomot* Ifio. U subtly frootor nam 
too* of feMOtoJflo, vlto too pltoo.i»Uo totot olooo to tort?, lo to*o • 
art, etoox^wl- r««tfuntoo of to* otort nliUn to too toltolo oooooo 
tooolter -o-tor J« to olooooo upoorl oU^tljr ood 0 oowftdoe loot to mmrtmA 
upmMt on Ofrtoi tlMA 37 to vooe ******* »• ootloUoot—y 

ftitf .iwrtlftl 0000 niKli<» ofttof flto ft»4 oD»-tolf toAodo/tock 
>» torMfio 00 ft »**rt fvrtMtoatel? l.t-lacb ootolo. dlaootor ooo floo Odd Iftro.- 
tstftaro toioodo/i^ tt^*" °» • OTP«»lootoljr tf.J-toc*w» 

1 Jio nfir , 



4; 
i 
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Oautoot few* n«iNi »>a«OOt >1 OOBOTlWt tltOOOt *>, 0*«0«. 

Ufltoooly ooroffttoj <* • ol*roll»jr o* «3oo«»tod tolooon «^ »«rad 
ifi. Cfepm* Mm flat* mVt fcb 4» tn oootMt vitti too «K»r «*U of Inj 
m) W Mi l» »l1t»*l> oooittooc* or. abort Jfl to trma*\* mm tare* of the 
•trtoc longl tattloOUr i#iwt U« toi^ •«< <* **• lc * CT 

•oortoc oloto U ooUcU «•» U**/ MO of the «>1— ex* It owt* 

^ olooo too tooft bj iMdMl^i Mi ■ ■ !■> «* toooldor # o« * 

1* no* or aw »3*to«. to fbt» oo *ooi ood o Umr r*"* »oto 

vfcloo V«o tot* of too tol— • •» iooortod* toooo fro«o* w» ooopodto 
o—t+rm tau too «**o *t too colsom ortta M ooaand. A «ow 48 bo 
«op)ojo« to omloftt f cr«i*» »tW frao tw »^ts« ooebooSoo o*o to prottet 



t cor liodtUc too dofloatloa of uo ooOhbo It n*iurad. 

t fWVttitM in o bwXlPfl ocodllKm, cpoliooMw «f 
,„ )(tim oovpmUoo Mod tboxwto w«W oowoo totol foil*-* or roptaro of too 
oo4wn*. tttortfart, * *olr of otopt «.o mo ojo «o pwwiooa Jar lhi» parrot. 
A* obcMo, too vtopo wn rtiiliy earoebed to u« overlap; yjoioo, osd, lo 
•ffoot eoMOrto. OJOOT oo* Mr UoiU- -lotnro. joottit*-* oo too otaft to 
ollde JoofitBdiooUx toorooo. Sn oodo or too otopo o»j taoord, or W 
frco, oooli otoor o* **■ tool oo too qrU| uohcx vortoo. umr floe** **» 

aoldor 3d >oooo«Ud to the oooft. id. 
, lo — *» oo to Holt too loogStwIlool 
ln*ol or too boorl'S ploto ooaboro oo oooy mm ****** to i 
c«feft»tloo of too oolaoa tloul W. onm »lto i 

fc* g- to the ooJbob ajo-tot ooo oaoo to ooploj**. For omplo, »io* or 

ring, ooaotod en too cod ^ »toj>o, o» too oo».r %8 prortooft *ib 

.^i^lo oooooottoo. oo? W m^agmA r«r CW« pwpose W u-it lon«tt-Al«i 
•sd/ar loter^l OonoctlOO Of ooAoobo. 

M ooiiant of too colooo elo-oot tj oor to trwocod mnA tot 
cooft It, *iPH oo eoooo ornro f*mo * ooxtloo of too body of too tfrtfl* 
Irvlttj oith oodo of too «oloooo fttboo 1» too rooo- bT- oolio«o ooy bo 
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ntted eloaaj? to«M*»T aa ahora, or *» ifani wwd u* /»*♦, Ttth 
satara QMd ktncn tw u> MUtod» iho 1K> ~-to* 

oel»M« «->Lqr»d will to|«/* iipee eolona ebataula/laUe* aol tto — Utfiau of 
ooo»WubUjoo. Iter OMpii, bba •mdanets rafclo or u» colwo »7 w «iaa 
Wiaalj, a<* A* oolmm «*j «>r to mad, fie*, ««•» — htooad. Xto 
«awV«*»<0» 1« % tkU, tltiitf «4h vltfi iwa*- aula, fr» V> vll&lt 
tba ttm «ta*a* to Mm wmi*i tf tba tola* totawai* *M«* «M W 

aatiafacrtcriU aajooyaa for to* aolaana to «* atoato, 

cfcrcada- h4 *ietoal-«br«4« •u±alaaa etoo'-, aapaa* 
10 a* f*Mpker Vraoo. >«t1Um •effer, toa "a* aaotol aJloju «lMlw 
Mk\Mrtml» prarldiM a«uafa*t«y ie»atoaumi p«*«rfclw. T„i**Uy, tba W\- 
»tdml oolva* or lone r«W»uu up— w i ttw, «"» taa «Utb Win 
fraator tto* 4* Ltitkoaaa, an* .o tto* to. *idar xaoa of tto u?i«o* 

la mml to tto mutn oT tf» abcTU Sn, vitft ncrtxdaat ao»»raealea 
laaAtaii tto ooloaoa tockla, «ol *fcort tto aewvag tto loa«t *«*t 
or luitii, oMUtttaiy a*ay hw w* «b*ft lfl- 

for tnxpla. a greoo of oo\xm~ D.lM-lOBh <tolca. o.*j8-lneb mac 
\y 10.6X.lndM lorif, wiih toft «a0* JWP«i«fl, v«n fabricate* fK» 1.1.0. 1 
*3»0 iMl. (pwcatofl Araua at 579*f • ***** oolnaa w» fw*-i to raqplra a 
tt> critdaal awraaaloD lcadl-t P«4» 1" * rf « r «* b " ,oMfl 

. Mtor toetiia*, tba ael-aa am faaot to to*a a wry fl*t «ta-iac duractort- 
MO, a* *ora In 7U«a 5, Ttoar.ii P B « toaaiia* ^ aa» ^ia* 

0 rapraaaaia to* k*& aoa daAaciloa at MtLaa Mm -Lraa* la the astea— fiban 
«r tha Hlaa . . tf- U» ylelA 9«iat of U» astorUl. ftaDrattaall?. ua atopa 
of tkla aprlac otoraatorlrtlc cum li deaarltofl lc <r«rra C*'U0, aeioall,, 
Oil earn la areorlfeai "by OHO tm to frtoUcn la Ua ayrtaa. Ptrt*»** A aM • 
mra—ct Iriloal ^ma| liaita, •QJ.oH, aoar^a, -*jr fca varied accOrtl«l to 
U* •a»"«^«« for vrdoh tba iprLn K It daalv»d- ^ ampla, atoajr a Urat 
oaater (rf flan^M ore"* « «Dtt«*i>atad, a aurid^ atiaaa >iat balov tto 
30 polAb aaj ba mfA, WWla alth a peat anaVar of fla*»raa, 

atxaaa a«y to told to laa* ttoa tba aotaraoea U»lt of tba a*toM«J <tf aaMtrac- 
Mm. Xa Ito aJtoia-aasUoaad toata, tba latoiO uanaotloa *a# WaataA to 



- T • 
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tp^rttflMt»l7 m Lnck, at utoah too lo^ia 
0.22? iacW. Ira- -™ «afto«tiaa V, U- i 
ipadlat m fMoA to to autotoatlally ooatual. 

r* mother to»t a aprlii* dcwio* tout, a* 
oaltott, tuft lUTins • crltuml tetoltof toto «f lfiJO 
OoTtoavu* a*a LUdW4 WtM« 0 and atoat 3 •<*> lmebmm to awroprHWlj poal- 
tto .to*, toto W<ww1<wl to— it, tt» frtto — * ****** «* 
atotftoMUllX 0,«P P0»U olfn»* k — l taA to aJ tofWl« of 0.<* ImM 
; 0.15 tooto* to* toM mImI tatofttollj si 



OT imiMi U «a*lg*tof a *5»W atoaa*t ikm it *- «m*aw 
to (Mala t»a «r*a tort n«>tu* nte *f l»>^fcoito»l »«ftoo*to* tw fpaciitod 
► cf lrf — aaftootlaa *■* •rtttoal fcwfclto* to*a, to** -**W\ntoi 
, ltM n toaal to tto axlow «t • ** awton** u*r»- 

afaoaa la T\*f — l*mA2, *\> aaXttpto ftot — W* 



X» tto oparatdc* or tto atom um i t i ng tool tto -rtttoi • 1*« 
la -11 ~«W, tto MdCHQD tool U towaxai Uto tto a.11 aa a*.tlo»«i abo~. 
vlto tto MM 22 U tto nrU^iUA poalttoa. ttaa tto taol li to tto t 
83 toml, tto tAtef la .toatoto. *» frtottoft mm 

WkJJ * tuk aaaxnf «s& aa a ^a t a tMtoto «1 «*• m«Ww- 

* to* at tto takto* tor atoalA«r )o to »»wt to^aaly to tUftoaatUl 
r J© to to*U« «p*m« ato—»t JT *»ick to* a jcatotoMtos* arllt»to 

. toto w to «aaltoa4 «F-w*Ur ■•»» «* * 

•to, ato tto ttoto* wrttoato alto tto i 

► or tto am » » «P tto otttoat«to ' 

coaato** to«a pioporito**! ~ tto critical totoltot toai at tto iprto* 
alaaavt. to— j^ ily, tto rr^ 1m t tool U Uiroa^ «to Una* tc 
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